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Abstract. This article presents a programming methodology based on High
Level Parallel Compositions (CPAN in the Spanish acronym) within a meth-
odological infrastructure made up of an environment of Parallel Objects [10],
an approach to Structured Parallel Programming and the Object-Orientation
paradigm. The implementation of commonly used communication patterns is
explained by applying the method (the CpanFarm, CpanPipe and CpanTreeDV
that represent respectively, the patterns of communication Farm, Pipeline and
Binary Tree, the latter one used within a parallel version of the design tech-
nique known as Divide & Conquer), which conforms a library of classes suit-

able for use in applications within the programming environment of the C+H
and POSIX standards for thread programming. Thus, in this work presents the

design of the CPAN that implements a parallelization of the algorithmic design
technique named Branch & Bound and uses it to solve the Travelling Salesman

Problem (TSP).

1 Introduction

Obtaining efficiency in parallel programs is not so much a problem of acquiring proc-
essor speed, but rather, it is about how to program efficient interac-

tion/communication patterns among the processes [1], [2], [4], [6] to achieve the
maximum possible speed-up of a given parallel application. Parallel Programming
based on the use of communication patterns is known as Structured Parallel Pro-

gramming (SPP) [6], [7]. The widespread adoption of SPP methods by programmers
and system analysts currently presents a series of open problems. We are particularly
interested in proposing new solutions to the following: (a) the lack of SPP methods

applicable to the development of a wider range of software applications; (b) the de-
termination of a complete set of communication patterns and their semantics; (c) the
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necessity to make predefined communication patterns or high level parallel composi-

tions available to the community, aimed at encapsulating parallel code within pro-

grams; (d) the adoption of a sound (i.e. without anomalies) programming approach

based on merging concurrent primitives and Object-Oriented (O-O) features, thereby

meeting the requirements of uniformity, genericity and reusability of software com-

ponents [6]. The present investigation is focused on SPP methods, and a new imple-

mentation is proposed (carried out with C++ and the POSIX Threads Libra
ry) of a

library of High Level Parallel Composition (CPAN) [6], [7] classes, which pr
ovide

the programmer with the communication patterns most commonly used
 in Parallel

Programming. At the moment, the library includes the following ones: CpanFarm,

CpanPipe, CpnaTreeDV, the latter one being used in a parallel version of Divide &

Conquer algorithmic design technique and CpanFarmBB that is one pattern composed

with Farm process that implements a parallelization of the algorithmic design tech-

nique named Branch & Bound.

1.1 The Problem Being Tackled

In order to cope with the above described items, we have found that an O-O Parallel

Programming environment providing the features listed below must be used, (a) ca-

pacity of object method invocation that assumes asynchronous message passing and
asynchronous futures; (b) the objects should have internal parallelism; (c) availability
of different communication mechanisms when service of petitions from client proc-

esses take place in parallel; (d) distribution transparency of processes within parallel

applications; (e) Programmability, portability and performance, as a consequence of
software development within an O-O programming system.

1.2 Scientific Objectives in this Research

The current investigation has mostly been carried out within the PhD thesis research

work referenced in [8],whose achieved operational objectives are listed below:

1. To develop a programming method based on High Level Parallel Composi-
tions or CPANs.

2. To develop a library of classes of parallel objects [10] that provides the pro-
grammer or the analyst with a set of commonly used communication patterns

for parallel programming; the objects should be uniformly programmed as re-
usable, generic, CPANs.

To offer this library to the programmer, so that he/she can exploit it by defining
new patterns, adapted to the communication structure of processes in his/her parallel
applications, by following an O-O programming paradigm, which includes class
inheritance and object generic instantiation as its main reusability mechanisms.
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The pruning is implicitly carried out within another farm construction by using a
totally connected scheme between all the processes. The manager can therefore com-
municate a sub-optimal bound found by a process to the rest of the branching proc-
esses and thus avoid unnecessary ramifications of sub-problems. The Cpan Branch &
Bound is composed of a set of Cpans Farm; see Figure 11, which represent each one
a set of worker processes and one manager, therefore, forming a new type of struc-
tured Farm, the Farm Branch & Bound or FarmBB, which is also included in the
library of CPANs. All the worker processes of the Farm BB are executed in parallel,
thereby forming the expansion tree of nodes given by the BB algorithm technique.
The initial problem, or the root of the expansion tree, is given to the manager process
of the initial Cpan Farm, which is in charge of distributing the work and of control-
ling the global calculation progress. It is also responsible for sending results to the
collector of the Cpan FarmBB, which will display them [9].
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Fig. 12. Speedup of parallel CpanBB with N=50 cities in 2, 4, 8, 16 and 32 processors

The CPAN based parallel BB algorithm was tested by solving the TSP with 50 cit-

ies and by using the first best search strategy driven by a least cost function associ-

ated to each live node. The results obtained yielded a deviation ranging from 2% (2

processors) to 16% (32 processors) with respect to the optimal ones, as predicted by
the Amdalh law for this parallelized algorithm. See Fig 12.

5 Conclusions

The programming method presented is based on Corradi's High Level Parallel Com-
positions, but updated and adapted to be used with the C++ programming language
and POSIX standard for thread programming. The CPANs Pipe, Farm, and TreeDV
comprise the first version of a library of classes intended to be applied to solve com-

plex problems such as the afore-mentioned parallelization of the Branch & Bound

technique, thus offering an optimal solution to the TSP NP-Complete problem.
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